Abstract This study assessed the prevalence of exchanging sex for money or drugs among men who have sex with men (MSM) in the 2011 US National HIV Behavioral Surveillance system. Prevalence of HIV, being HIV-positive but unaware (HIV-positive-unaware), risk behaviors and use of services were compared between MSM who did and did not receive money or drugs from one or more casual male partners in exchange for oral or anal sex in the past 12 months. Among 8411 MSM, 7.0 % exchanged sex. MSM who exchanged sex were more likely to be nonHispanic black, live in poverty, have injected drugs, have multiple condomless anal sex partners, be HIV-positive and be HIV-positive-unaware. In multivariable analysis, exchange sex was associated with being HIV-positiveunaware (aPR 1.34, 95 % CI 1.05-1.69) after adjusting for race/ethnicity, age, education, poverty, and injecting drugs. MSM who exchange sex represent an important group to reach with HIV prevention, testing, and care services as they were more likely to report behavioral risk factors that put them at risk of HIV.
Introduction
Male to male sexual contact accounted for 66 % of the 44,784 estimated new HIV diagnoses in the United States in 2014 [1] . The number of newly diagnosed HIV infections annually attributed to male-to-male sexual contact increased between 2010 and 2014 in contrast to the trends observed in diagnoses attributed to injection drug use, male-to-male sexual contact and injection drug use, or heterosexual contact, which declined [1] . In 2011, 18 % of men who have sex with men (MSM) sampled in the United States National HIV Behavioral Surveillance (NHBS) system tested positive for HIV, 44 % of whom were unaware of their infection (HIV-positive-unaware) [2] .
Exchange sex-sex in exchange for money or drugs-has been shown to play a key role in HIV transmission among heterosexual populations in many countries [3] . Among MSM, a recent systematic review documented that an association between exchange sex and higher risk of HIV infection has been reported in several parts of the world [4] . There are several factors associated with exchange sex that increase the risk for HIV acquisition, such as large numbers of partners and sex without a condom, as shown by studies on male sex workers [4] [5] [6] . Condom use may be difficult to negotiate if offered additional money to not use a condom when men are in a position of drug dependency or economic hardship [4, 7] . Sexually transmitted diseases (STDs) are prevalent among those who exchange sex [4, 8] , and may increase the risk for HIV transmission and acquisition [9] . Furthermore, several studies in the US and Australia have shown both injection and non-injection drug use to be more common among MSM who exchange sex compared to those who do not [5, 6, 10, 11] , behaviors that are associated with sexual disinhibition and an increased risk of HIV acquisition [12, 13] . Several socioeconomic factors that are associated with a higher risk of HIV infection are also more common among MSM who sell sex, such as poverty, unemployment, having less than a high school education, being homeless, and having unstable housing [6, 11, [14] [15] [16] . Finally, MSM who exchange sex may face stigma and marginalization associated both with being a man who has sex with other men, and engaging in an illegal activity. Such stigma may prevent them from accessing HIV prevention and other services [4] .
Studies on MSM who exchange sex in Canada are more recent and not limited to high-risk MSM, compared to those in the US: Among MSM recruited using venue-based sampling in Ontario, Canada, 7 % reported receiving money and 5 % reported receiving drugs and non-monetary items in exchange for sex in the past 12 months, and exchange sex was associated with an increased prevalence of HIV infection [17] . A prospective cohort study of young MSM 18-30 years of age in Vancouver found that 16 % of MSM exchanged sex, and that both HIV prevalence at baseline as well as HIV incidence were significantly higher among those who exchanged sex (7.3 vs. 1.1 % for prevalence and 4.7/100 vs. 0.9/100 person-years for incidence) [6] .
Data on exchange sex among MSM in the US are mostly limited to local studies in high-risk sub-populations such as drug using, homeless and marginally housed, and unemployed MSM, which limits their generalizability. Newman et al., recruiting MSM through street based outreach, snowball sampling and flyers at social service agencies in Long Beach, California, found that 63 % had exchanged sex for money, drugs or shelter/food in the past 30 days [11] . Robertson et al., using a probability sample of men from shelters, meal programs and low cost hotels found that 50 % had a lifetime history of sex in exchange for money or drugs [16] . The gender of the exchange partners was not specified in either of these two studies. Another study, using peer outreach in high-risk neighborhoods in San Francisco, found that 68 % of MSM had a lifetime history of exchange sex for money or drugs with a male partner [18] , and a study using respondent driven sampling, largely of men of low income, who used drugs, were unemployed, homeless, and with a history of incarceration, found that 18-34 % received money or drugs in exchange for sex with one of three recent male partners [19] . Among single and non-monogamous sexually active MSM recruited at community events in New York City, 37 % had a lifetime history of having been paid for sex, and 27 % had both paid and been paid for sex [20] . These studies were all cross sectional.
Some of these studies found that HIV prevalence was higher among men who reported exchanging sex [16, 18] , although in one study this was only the case for MSM with more than ten lifetime exchange partners [18] . These, and two other studies which only include MSM who exchange sex without a comparison group, reported an HIV prevalence among those who exchanged sex between 14 and 41 % [7, 16, 18, 21] . Studies that look beyond high-risk sub-populations of MSM in the US are outdated: in a 1998 cross-sectional study recruiting MSM from venues in Denver, Colorado and Long Beach, California, nine percent reported exchange of sex for money or drugs in the past 6 months [5] .
People who are HIV-positive-unaware have been shown to be more likely to engage in behaviors that put their sexual partners at risk of acquiring HIV, compared to those aware of being HIV-positive [22] . However, there are very few data on the prevalence of being HIV-positive-unaware among MSM who exchange sex and on how prevalent exchange sex is among MSM.
Mathematical modeling in other settings has shown that female sex workers play a key role in driving heterosexual epidemics [23] [24] [25] [26] . In Vietnam, it was estimated that annual HIV testing and immediate treatment of female sex workers would prevent 31 % of new infections over 40 years [27] . Similar modeling studies on male sex workers are rare as data on this population is also scarce [3] , but a study from Peru estimated that by providing preexposure prophylaxis (PrEP) to 20 % of male sex workers, 3.4 % of infections over 10 years in the MSM population could be averted [28] . MSM who exchange sex may also play a key role in transmission in the United States, but the lack of data on MSM who exchange sex limits our potential to explore this further.
NHBS monitors HIV prevalence and associated HIV risk behaviors in 20 US cities by conducting surveys and HIV testing in populations at high risk of HIV infection, including MSM [29] . We used data from the 2011 NHBS cycle among MSM to determine the prevalence of exchange sex, describe the characteristics of MSM who exchange sex including risk behaviors and HIV testing frequency, and determine whether exchange sex is associated with two different outcomes: HIV prevalence and prevalence of being HIV-positive-unaware.
Methods

Study Population and Data Collection
In 2011, NHBS staff in 20 US metropolitan statistical areas (MSAs) recruited MSM using venue-based sampling (VBS) for interviews and HIV testing. The VBS procedures used in NHBS have previously been described [30, 31] . Briefly, NHBS staff first identified venues where MSM congregate and socialize (e.g., bars, social organizations, and sex venues) and where at least 50 % of the attending men were eligible to participate in NHBS. Men were eligible to participate if they had not previously participated in 2011, were at least 18 years of age, reported having ever had oral or anal sex with another man, were residents of the MSA, were able to complete the survey in English or Spanish, and were able to provide informed consent. Venues and corresponding day/time periods were chosen randomly each month for recruitment events. Trained interviewers conducted anonymous face-to-face interviews using a standardized questionnaire covering demographics, HIV-associated behaviors, and use of prevention and testing services. HIV testing was performed by collecting blood or oral specimens for either rapid testing in the field or laboratory-based testing. Both rapid and laboratory based screening tests were followed by confirmatory laboratory testing (e.g., Western blot, immunofluorescence assay, or nucleic acid amplification test) [32] [33] [34] . Participants received incentives for participating in the interview (typically $25) and for taking an HIV test (typically $25). The incentive format (cash or gift card) and amount varied by city based on formative assessment and local policy.
Measures
We examined two main outcomes: HIV prevalence and being HIV-positive-unaware. A nonreactive rapid test was considered a definitive negative result. MSM were considered to be HIV-positive if they had a laboratory-confirmed positive HIV test result. HIV-positive MSM who did not report having previously tested positive for HIV were considered to be HIV-positive-unaware.
Engaging in exchange sex was the main explanatory variable of interest. Participants who reported one or more male oral or anal casual sex partner(s) in the past 12 months from whom they received 'things like money or drugs in exchange for sex' were defined as engaging in exchange sex. A casual partner was defined during the interview as 'a man you have sex with but do not feel committed to or don't know very well'. A main partner was defined during the interview as 'a man you have sex with and who you feel committed to above anyone else. This is a partner you would call your boyfriend, husband, significant other, or life partner'.
Exchange sex was used as a dichotomous variable in the analysis. The focus of this analysis was on MSM who received money or drugs from casual partners in exchange for sex, thus participants who reported receiving money or drugs in exchange for sex only from main partners were considered as not having exchanged sex in the past 12 months (n = 95) and were included in the reference category. Finally, those who only reported giving things like money or drugs in exchange for sex with casual partners (n = 249) were also categorized as not having exchanged sex for the purposes of this analysis and were included in the reference category, as the aim of our analysis was to examine the HIV risk among those who sell sex to casual partners, relative to all other MSM. Prevalence of STDs were measured by asking participants whether in the past 12 months a health care provider had told them that they had gonorrhea, chlamydia, syphilis or some other STD (except HIV).
Analysis of Prevalence and Correlates of Exchange Sex
Analyses were limited to data from participants who completed the interview, reported at least one male sex partner in the past 12 months, and had a positive or negative HIV test result. First, we determined the prevalence of exchange sex in the sample, and compared the prevalence of exchange sex by different sociodemographic characteristics. Second, we compared the prevalence of substance abuse, sexual risk behaviors, and use of services between participants who reported exchange sex in the past 12 months and those who did not. Chi square analysis was used to determine statistically significant differences (p \ 0.05) between categorical variables. Fisher's exact test was used for small cell sizes. For continuous variables we used a Poisson model with robust standard error to test for differences in means and a nonparametric exact test for differences in medians. When determining the prevalence of HIV testing within the past year, we excluded MSM who self-reported being HIV-positive during the interview, unless they had their first positive HIV test within the last 12 months.
Analysis of Association Between Exchange Sex and HIV Prevalence
We examined the bivariable and multivariable associations between different variables, including exchange sex, and HIV prevalence as the outcome. Race/ethnicity and lifetime history of injection drug use were considered a priori as confounders based on previous research and included in the multivariable model.
Analysis of Association Between Exchange Sex and HIV-Positive-Unaware
Excluding self-reported HIV-positive participants (n = 1031), we examined the bivariable and multivariable associations between different variables, including exchange sex, and being HIV-positive but unaware of one's infection. Age, race/ethnicity and lifetime history of injection drug use were considered a priori as confounders AIDS Behav (2017) 21:2283-2294 2285 and included in the multivariable model. We included additional variables that were significant in bivariable analysis, but removed those with a p value of C0.05 in multivariable analysis. To account for income we kept poverty in the final model [4] . We also tested for two-way interactions between exchange sex and each of the covariates in the final model but as these were not significant (all had p [ 0.1) they were not included in the final model. In further analyses, to evaluate if there was an association between exchange sex and being HIV-positive-unaware that could not be explained by a larger number of casual partners, we introduced total number of condomless casual anal sex partners in the past 12 months as a continuous variable in the model. We conducted sensitivity analysis to evaluate if excluding men who only paid for sex (gave money or drugs in exchange for sex to casual partners) from the reference category changed the model results. All analyses were done in SAS v9.2. To account for some of the methodological complexities associated with VBS sampling across multiple cities, in calculating both adjusted and unadjusted prevalence ratios we used generalized estimating equations (GEE), using a Poisson model with a robust standard error in PROC GENMOD [35] , clustered on recruitment event (the lowest level of clustering in our data) to account for the general dependence in observations. In addition, we adjusted for the multi-city nature of the study by including an indicator variable for city in multivariable modeling. Unadjusted and adjusted prevalence ratios (PR and aPR) and 95 % confidence intervals (CI) are reported. PRs were chosen because they are a direct measure of risk compared to odds ratios that measure an increase in odds. This allows for ease in interpretation.
Ethics
Verbal informed consent was obtained from all participants. Activities for NHBS were approved by local institutional review boards (IRB) for each of the 20 participating cities. NHBS activities were determined to be research in which the Centers for Disease Control and Prevention (CDC) was not directly engaged and, therefore, did not require review by CDC IRB.
Results
In total, 8460 eligible, consenting MSM completed the survey, had a positive or negative HIV test result and reported oral or anal sex with another man in the past 12 months. We excluded 49 participants who had missing data on exchange sex, or who self-reported being HIVpositive but who tested negative.
Analysis of Prevalence and Correlates of Exchange Sex
Of 8411 MSM included in this analysis, 585 (7.0 %) reported exchange sex in the past 12 months (Table 1) , with city-specific sample estimates ranging from 1.5 % in San Juan to 20.8 % in Baltimore. Among MSM who exchanged sex, 187 (32.0 %) had one exchange partner and 109 (18.6 %) had ten or more exchange partners in the previous 12 months. Exchange sex was more common among MSM who were black (11.0 %) compared to white (5.1 %) and Hispanic (6.2 %) (p \ 0.001, Table 1) . Education level was associated with exchange sex with 25.3 % of those with less than a high school education reporting exchange sex, compared to 2.3 % of MSM with college or postgraduate education. Exchange sex was also more common among MSM who were not employed (13.0 vs. Table 2) . MSM who exchanged sex were more likely to report unprotected vaginal or anal sex with both main and casual female partners in the past 12 months (13.5 vs. 3.5 %, p \ 0.001 for main; 19.0 vs. 3.6 % for casual, p \ 0.001). Among men who exchanged, 30 % said their last female partner was a main partner, 54 % a casual partner and 15 % an exchange partner.
Among MSM who exchanged sex, the most recent male partner appeared to be riskier than the most recent partner of MSM who did not exchange sex; they were more likely to be of unknown HIV status (60.7 vs. 37.5 %, p \ 0.001), and 'definitely' or 'probably' had ever injected drugs according to the participant (19. 
Analysis of Association Between Exchange Sex and HIV Prevalence
In total, 29.1 % of men who exchanged sex tested positive for HIV, compared to 17.7 % of men who did not exchange sex in the past 12 months (p \ 0.001, Table 2 ). This association did not remain statistically significant when controlling for race/ethnicity, having ever injected drugs and city of interview (aPR 1.13, 95 % CI 0.98-1.31, p = 0.090).
Analysis of Association Between Exchange Sex and HIV-Positive-Unaware
Among MSM who exchanged sex, 13.2 % were HIVpositive-unaware, compared to 5.6 % among men who did not report exchange sex (Table 2) . During bivariable and multivariable analysis, participants who were HIV-positive and aware of their status were excluded. In bivariable analysis, exchange sex was associated with being HIVpositive-unaware (PR 2.16, 95 % CI 1.68-2.77) ( Table 3 ). In multivariable analysis controlling for age, race/ethnicity, education, poverty, lifetime injection drug use and city of interview (Table 3) , exchange sex remained associated with being HIV-positive-unaware (aPR 1.34, 95 % CI 1.05-1.69). When the number of casual male condomless anal sex partners in the past 12 months was added to the final model, the association between exchange sex and being HIV-positive-unaware remained statistically significant (aPR 1.30 95 % CI 1.03-1.65, data not shown in tables). In sensitivity analysis we found that excluding those who only gave money or drugs in exchange for sex to casual partners from the reference group did not change the model results.
Discussion
Using data from NHBS, the largest existing study of MSM in the United States with more than 8000 MSM from 20 cities, we found that 7.0 % reported receiving things like money or drugs in exchange for sex with casual partners in the previous 12 months, although the prevalence of exchange sex did vary substantially between cities (range 1.5 % in San Juan to 20.8 % in Baltimore). This prevalence is similar to what was found in a sample recruited through venue-based sampling in Canada [17] . A key finding of this analysis is the high HIV prevalence among MSM who exchange sex (29.1 %) and the high proportion who were HIV-positive and unaware of their HIV infection (13.2 %). Exchange sex was associated with a greater than 30 % increase in the risk of being HIV-positive-unaware in multivariable analysis.
Due to the high HIV prevalence in this group, MSM who exchange sex are at high risk for transmitting HIV to their exchange and non-exchange partners. Consistent with other studies, our findings indicate that, compared to MSM who do not exchange sex, MSM who exchange sex are more likely to have multiple partners, including anal sex partners with whom they do not use a condom, as well as female partners [5] [6] [7] 10] . The proportion of MSM who exchange sex who reported having been told by a health care provider that they had an STD in the past 12 months was also high in this study (17.3 %) and STDs are known to increase the risk for HIV transmission [36, 37] . For these reasons, MSM who exchange sex may play an important role in the HIV epidemic, in particular in the cities where a high proportion of study participants reported exchanging sex, such as Baltimore where over a fifth of MSM exchanged sex.
MSM who exchange sex are also at high risk for acquiring HIV by having multiple condomless anal sex partners and high prevalence of STDs and drug use. Use of non-injection drugs such as methamphetamine and crack, which have been shown to be associated with HIV seroconversion [38] were commonly reported in this population. Injection drug use was also more prevalent and contributes to the risk of HIV acquisition through sharing of injection equipment; 4.7 % of MSM who exchanged sex reported receptive sharing of syringes. Furthermore, our analyses suggest that exchange sex may increase the risk of HIV not only due to having high numbers of partners, but also due to having higher risk partners. We found that partners of MSM who exchange sex were more likely to be of unknown HIV status and inject drugs, and the association between exchange sex and being HIV-positive-unaware remained significant after controlling for the number of condomless casual anal sex partners in the past 12 months. The combination of these factors (drug use, high number of condomless sex partners, and risky sex partners) could potentially lead to an increased risk for HIV acquisition among MSM who exchange sex.
Although the association between exchange sex and HIV-positive-unaware was significant, we found no association between exchange sex and HIV-prevalence in multivariable analysis. One possible explanation could be that MSM who exchange sex and are diagnosed with HIV cease exchanging sex, consistent with previous data that show people who are aware of being HIV-positive modify their risk behaviors after learning about their status [22] . MSM who recently started exchange sex, may have lower HIV prevalence, and population turnover could lead to an under-estimate of the true burden of HIV among MSM who exchange sex [3] . We are however unable to verify this, as respondents were only asked about exchange sex in the past 12 months. It could also be possible that some participants who were diagnosed with HIV before the interview, misreport their status due to fear of stigma or concerns about negative consequences. This may be more common among MSM who exchange sex because recognizing one's HIV-positive status may result in having to stop exchanging sex.
As MSM who exchange sex are at risk of both HIV acquisition and transmission, HIV prevention efforts should consider strengthening a variety of interventions in this population. The high prevalence of HIV, in particular HIV-positive-unaware, suggest that this population would benefit from increased access to and frequency of HIV testing in order to initiate early HIV care and treatment [39] . Counseling and partner notification services for MSM who exchange sex should ensure both male and female exchange and non-exchange partners are considered. Current CDC HIV testing guidelines recommend that persons at high risk for HIV infection, which include persons who exchange sex for money or drugs, get tested for HIV every 12 months [39] . But our data show that only two-thirds of MSM who exchange sex follow these recommendations. We found no difference in the proportion of MSM who had tested for HIV in the past 12 months between those who did and did not exchange sex, yet MSM who exchanged sex were more likely to be HIV-positive-unaware. This suggests the importance to all MSM who exchange sex of testing for HIV at least annually. HIV testing in venues where MSM socialize may be one strategy for reaching MSM who exchange sex. Finding ways to reach and offer testing to MSM who sell sex online would also be important, since many men solicit clients online and there are reports of an increased online market for sex [40] [41] [42] . Additionally, health care providers can create a trusting and confidential environment for discussing sex, and should ask gay and bisexual men directly about their behaviors and provide recommendations for how they can reduce the risk of getting HIV or transmitting it to others. Linkage to and retention in care are essential for HIVpositive MSM, to address the health needs of those living with HIV and to prevent onward transmission through treatment and viral suppression.
MSM who exchange sex could be offered PrEP, as they are clearly a group at increased risk of HIV infection [4, 43] . A modeling study from Lima, Peru estimated that providing PrEP only to 20 % of male sex workers could avert 3.4 % of new HIV infections over 10 years in the MSM population. Providing PrEP to male sex workers and trans women was found to have higher impact for the same cost compared to providing PrEP to MSM in general [28] . Based on current US federal guidelines [44] , people who are at ongoing substantial risk of acquiring HIV should be offered PrEP, including MSM who have had anal sex without a condom or been diagnosed with an STD in the past 6 months. Substance abuse treatment services may also help some MSM [11, 41] since we found a high prevalence of injection and non-injection drug use in our sample.
Our findings are largely consistent with existing data showing that MSM who exchange sex are more likely to be affected by poverty, low educational attainment, homelessness, previous incarceration, and drug use [4, 6, 11] . These observations highlight the importance of understanding how individual-level risks can be influenced by higher-order determinants at different levels [45] . Examples include laws and policies that influence resource allocation, including employment, educational opportunities and provision of services that may affect individuallevel HIV risks. Community-level factors such as social norms and values, discrimination or the presence of stigma may also be important as these can act to marginalize MSM who exchange sex and prevent them from accessing HIV prevention and care services [4, 41, 45] . Interventions that only target individual-level risks may therefore have limited impact unless they are delivered as a combination of measures that address the different levels of HIV risk and also target the social determinants of health. Such interventions could range from help with employment readiness, educational attainment, housing and legal assistance, mental health services, and interventions against stigma and discrimination. Services should also not have an exclusive focus on gay men as many MSM who exchange sex identify as bisexual or straight [4, 11] . Prostitution is illegal in most US states and services for male sex workers are likely scant or non-existent [4] . The analysis presented here is subject to several limitations. First, because of the sensitive nature of HIV status, some participants who had been diagnosed with HIV infection before the NHBS interview may not have reported their positive HIV status. This may have resulted in over-estimating the number of MSM who are unaware of their infection, and could result in bias if such underreporting was associated with exchange sex. Reporting on exchange partners is also a sensitive issue and participants may have chosen to not disclose having had exchange partners, leading us to underestimate the prevalence of exchange sex and potentially biasing the association between exchange sex and HIV towards the null. Second, this analysis is cross-sectional and causality may not be inferred. Third, there may be residual confounding that we were not able to measure and control for, such as social disadvantage that both increases HIV risk and force people to exchange sex, although we did attempt to account for this by including poverty and education in the final model. Other potential confounders could include personality traits such as risk taking and sensation seeking, which may be associated both with exchange sex and HIV risk [46, 47] . Fourth, MSM were recruited in cities with high AIDS burden and results may not be generalizable to all cities or all MSM. In addition, the survey population is limited to MSM who attend venues; MSM who do not attend venues may, or may not, differ from the survey population on key outcomes. Fifth, data are not weighted to account for the complex sampling methodology used to recruit MSM. Point estimates may therefore be biased by over-or underrepresented subgroups of the population. (VBS sampling weights are currently under development for future NHBS data collection cycles). Finally, MSM who exchanged only with main partners were included in the reference category, which may have biased our results towards the null. 
Conclusion
Seven percent of MSM in this sample from 20 cities across the United States had received money or drugs from a causal partner in exchange for sex in the past 12 months and those who exchanged sex had a higher prevalence of being HIV-positive and unaware of their infection. MSM who exchange sex could be a particularly important group for a variety of HIV prevention efforts in order to help prevent those who sell sex from acquiring HIV, to care for those already infected, and to prevent onward transmission to clients and non-paying male and female partners [4] .
